A preliminary investigation of extracellular enzyme production toy some species of Aspergillus  by McLean, Michelle et al.
A preliminary investigation of extracellular enzyme 
production by some species of Aspergillus 
Michelle Mclean, D.J. Mycock and Patricia Berjak 
Department of Biological Sciences, University of Natal, Durban 
The ability of four species of Aspergillus, viz. A. flavus, A. 
versicolor, A. candidus and an A. glaucus group member, to 
produce extracellular enzymes was investigated using solid 
media and liquid culture. The most xerotolerant of the 
species tested, A. glaucus sp., exhibited no amylolytic, 
lipase or protease activity on any salt-containing, nutrient-
deficient media, while A. versicolor, which is less 
xerotolerant, produced the starch-degrading enzymes, but 
only at low salt concentrations (5%) in the medium. A. 
candidus and A. flavus, being the least xerotolerant, 
however, both exhibited vigorous protease and lipase 
activity (5% NaCI) but moderate amylolytic activity, although 
A. candidus alone had the ability to produce amylase and 
protease at high salt concentrations (10% and 15% NaCI, 
respectively). The suggestion is made that these fungi 
affect seed deterioration by different strategies and this 
may depend on the spectrum of extracellular enzymes 
produced. It would appear that there is a shift in the type 
of enzyme produced, from those that degrade poly-
saccharides (xerotolerant fungi) to proteases and lipases 
(less xerotolerant fungi). 
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Die vermoe van vier Aspergillus-spesies, A. flavus, A. 
versicolor, A. candidus en 'n A. glaucus-groeplid, om 
ekstrasellulere ensieme te produseer, is ondersoek deur van 
soliede en vloeibare groeimedia gebruik te maak. Die mees 
droogtebestande soort, A. glaucus, het geen amilolitiese, 
lipase- of protease-aktiwiteit op enige southoudende, 
voedingsarm media getoon nie, terwyl A. versicolor, wat 
minder droogtebestand is, 'n styselafbrekende ensiem 
geproduseer het maar slegs by lae soutkonsentrasies (5%) 
in die medium. A. candidus en A. flavus, wat minder 
droogtebestand is, toon sterk protease- en lipase-aktiwiteit 
(5% NaCI) maar matige amilolitiese aktiwiteit, alhoewel A. 
candidus aileen die vermoe besit om amilase en protease 
by hoe soutkonsentrasies (10% en 15% NaCI, respektiewe-
lik) te produseer. Daar word voorgestel dat hierdie fungi 
saadverval op verskillende maniere be'invloed, en dit hang af 
van die spektrum ekstrasellulere ensieme wat geproduseer 
word. Dit wil voorkom of daar 'n verskuiwing is in die tipe 
ensiem wat geproduseer word, van die wat polisaggariede 
afbreek (droogtebestande fungi) tot protease en lipase 
(minder droogtebestande fungi). 
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Introduction 
Fungi that invade stored seeds have been divided into two 
ecological groups, the field fungi, which are capable of 
infecting grain before harvest, and the storage fungi, which 
it is believed do not invade to any great extent prior to 
harvesting, but instead, while the seeds are in storage 
(Christensen & Kaufmann 1969, 1974). Pelhate (1979, 1981), 
however, has suggested that depending on the thermal gradient 
and the moisture regime, an intermediate category may exist, 
consisting of Cladosporium, Verticillium, Rhizopus, Mucor 
and Trichoderma, which Christensen & Kaufmann (1969, 
1974) group with the field fungi. The storage fungi in both 
schemes comprise mainly the Aspergillus and Penicillium 
species. 
While the incidence of field fungi declines with the decrease 
in seed moisture content after harvest and during storage, the 
fungi of the intermediate group may survive to a lesser or 
greater extent during short-term storage (Pelhate 1979, 1981). 
Once these fungi no longer dominate the micro-environment 
of the stored seed, a succession of first Aspergillus and later 
Penicillium species is responsible for the deterioration of seed 
in storage. Deterioration results in a decrease of germinability, 
and in most instances, discolouration or total decay of the 
kernel (Christensen & Kaufmann 1969, 1974). 
According to those authors, the first Aspergillus species to 
appear are the slow-growing A. rest rictus and A. glaucus 
group members. These fungi, by their metabolic activities, 
modify the micro-environment, increasing seed moisture 
content such that less xerophilic species, such as A. versicolor 
and A. ochraceus, may establish. These are then succeeded 
by A. candidus, the less xerotolerant A. jlavus and finally 
by members of the genus Penicillium. 
Aspergillus shares with Penicillium the role of the 'most 
widespread and destructive agent of decay on earth' (Pitt 
1981). The FAO has estimated that some 50Jo of cereal grains 
are rendered inedible by seed storage fungi and this figure 
may be as high as 300Jo in underdeveloped countries (Neer-
gaard 1977). When one considers that seed storage fungi 
represent only one sector of the agents of decay, which include 
bacteria, viruses, insects and rodents, and that cereal grains 
and, to a lesser extent oilseeds, support the vast majority of 
the world's inhabitants, the problem of seed deterioration 
deserves intensive investigation. Apart from the economic 
consequences of the action of these fungi, many of them 
produce secondary metabolites, the mycotoxins, which are 
hazardous to man and livestock (Mislivec 1981). 
The present contribution describes the ability of Aspergillus 
jlavus var. columnaris var. nov., Aspergillus versicolor 
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(Vuill.) Tiraboschi, Aspergillus candidus Link and an 
A spergillus glaucus group member to produce extracellular 
enzymes capable of degrading reserve materials in stored seeds. 
This work is part of a wide-ranging project on seeds and seed 
storage fungi being carried out in this laboratory. 
Materials and Methods 
The Aspergillus species used were isolated from maize seed 
in this laboratory and have been identified by the Mycological 
Research Unit of the Department of Plant and Seed 
Protection, Pretoria. 
1. Agar studies 
1.1 Ability for growth on a variety of carbon sources, and 
at different osmotic potentials 
Two sets of experiments were conducted: In the first, malt 
extract agar (MEA), potato dextrose agar + 60Jo NaCI (PDA 
+ 6% NaCI), Czapek-Dox agar (CDA) and Czapek-Dox agar 
+ 20% sucrose (CDA + 20% sucrose) provided mono- or 
disaccharides in the form of dextrose, dextrose, sucrose and 
sucrose, respectively. The more complex carbon sources 
included pectin, protein (gelatin), starch and lipid (corn seed 
oil). The first three complex carbon media were prepared 
according to Hankin & Anagnostakis (1975) and the lipid agar 
was adapted from the method of El Azzabi, Clarke & Hill 
(1981). 
Pectin agar. This medium contained 500 ml of mineral salt 
solution, 1 g yeast extract, 15 g bacteriological agar, 5 g citrus 
pectin and 30 g NaCI and the solution was made up to 1 I 
with distilled water (pH 5,75). The mineral salt solution 
comprised per litre: 2 g ~)zS04; 4 gKHzP04; 6 g Na2HP04; 
0,2 g FeS04.7HzO; 1 mg CaClz; 10 f..Lg H3B03; 10 f..Lg MnS04; 
70 f..Lg ZnS04; 50 f..Lg CuS04; 10 f..Lg Mo03 . 
Protein agar. This medium consisted of 15 g nutrient agar; 
4 g gelatin; 30 g NaCI, made up to 1 I with distilled water. 
Starch agar. This medium contained 15 g nutrient agar; 2 g 
soluble starch; 30 g NaCI, made up to 1 I with distilled water. 
Maize meal agar. One hundred grams of maize caryopses were 
autoclaved with 200 ml distilled water. The mixture was then 
homogenized, 15 g of bacteriological agar was added and the 
final volume was made up to 1 I with distilled water. 
Lipid agar. To 20 g of bacteriological agar, the following were 
added: 5 g tryptone; 80 ml corn seed oil; 40 ml 0,1% Nile 
Blue sulphate; 30 g NaCI. The solution was made up to 1 I 
with distilled water (pH 7 ,2). During the pouring of this 
solution into precooled, sterile Petri dishes, the medium was 
rolled continuously to ensure that the oil droplets were 
distributed evenly in the molten agar . 
In the second set of experiments, similar media were used 
but citrus pectin was substituted by the more purified 
polygalacturonic acid, and the nutrient agar in the protein and 
starch agars was replaced by bacteriological agar. 
Furthermore, a cellulose agar consisting of 15 g bacteriological 
agar and 2 g carboxymethyl cellulose made up to 1 I with 
distilled water, was prepared. These experiments were 
conducted to assess the ability of the fungi to produce the 
various enzyme-types on media containing only a single carbon 
source. 
In this second set of experiments, osmotic pressures were 
elevated by adding sodium chloride such that concentrations 
of 5, 10 and 15% were achieved. 
1.2 Detection of extracellular enzyme production 
The ability of the four species of Aspergillus to produce 
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extracellular lipase, protease and amylase was investigated. 
The media described above for the second set of experiments 
were treated in the following manner: 
Amylolytic activity. After the desired number of days of 
incubation, the plates were flooded with an iodine solution 
(0,2 g Iz; 2 g KI/100 ml HzO). A clear yellow zone in an 
otherwise blue-black surrounding showed a depletion of 
starch. 
Proteolytic activity. If plates were flooded with a saturated 
solution of ammonium sulphate, the remaining gelatin was 
precipitated to produce an opaque medium. Clear zones in 
the opaque area indicated utilization of the gelatin. 
Lipolytic activity. Lipid breakdown results in an increase of 
fat acidity, as indicated by a change in colour of the Nile Blue 
indicator in the medium from an orange-pink to blue. Any 
change in colour towards blue thus represents lipolytic activity. 
The reverse colony colouration was considered and in some 
instances, depending on the amount of lipase produced, a 
diffusable blue hue could be measured beyond the colony 
bounds. 
Plates were poured such that each contained approximately 
15 mi of medium, and were incubated at 25- 30 oc_ For each 
colony two diameters (mm), at right angles, were measured 
at 5, 7, 10, 12 and 15 days of incubation. For the detection 
of extracellular enzymes, the same measurements were made 
but at 10 and 15 days of incubation. 
2. Detection of extracellular enzyme production using 
liquid culture 
A . jlavus and A. versicolor were inoculated onto 50 ml of 
maize broth (100 g autoclaved, homogenized maize caryopses 
per 1 I distilled water) and incubated at 25- 30 oc. On-
inoculated broth served as a control. At intervals of 5, 7, 10, 
12 and 15 days the mycelial mat was removed and the 
remaining contents of the Erlenmeyer flask centrifuged for 
ten minutes at 3 000 g. The supernatant, containing the crude 
extract, was collected. 
The following assays were carried out on the crude extract: 
(i) Protease activity (Bergmeyer 1974), expressed as Tucas 
mi- 1 (amount of casein hydrolysed per ml of extract per 
minute). 
(ii) Cellulase activity (after Mandels, Andreotti & Roche 
1976), expressed as mg glucose ml - 1h - 1• 
(iii) Reducing sugar levels, expressed as mg glucose ml - 1• 
Results and Discussion 
A . flavus and A. candidus are, on the whole, more prolific 
enzyme producers than A . versicolor and A . glaucus sp. At 
the one extreme, both A. jlavus and A . candidus show 
vigorous pectinolytic, cellulolytic, amylolytic, lipolytic and 
proteolytic activity. A . versicolor is capable only of amylolytic 
and cellulolytic activity, weak lipolytic and pectinolytic activity 
and a possible very weak proteolytic activity (Tables 1, 2 & 
3; Figures 1 & 2). At the other extreme, A . glaucus sp., under 
nutrient-deficient conditions, cannot produce amylase, 
cellulase or protease. This fungus does, however, exhibit 
pectinolytic and a very weak lipolytic activity (Table 2). 
With increasing osmotic pressures, the general trend is for 
a decrease in enzyme production (Table 3). Pectinolytic 
enzyme production appears to be the least affected by the 
imposed water stress (Table 2). Both A. jlavus and A. 
candidus produce lipolytic activity at all three salt 
concentrations, the activity of A . jlavus exceeding that of A . 
candidus at 5 and 10% NaCI, but at 15% NaCI the difference 
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Table 1 Colony diameters (mm) of three species of Aspergillus on a variety of carbon sources 
ACTIVITY 
I. A . jlavus 2. A. 
Days 5 12 15 5 
Medium 
Malt extract 38,3 75,3 *Full 13,6 
agar ± 12,6 ±5,0 ± 1,0 
Czapek-Dox 21,0 56,5 74,5 8,7 
agar ±6,8 ±8,5 ± 17,6 ± 1,3 
Czapek-Dox + 27,0 80,7 Full 9,2 
2007o sucrose ± 13,5 ± 12,7 ± 1,2 
Potato 31,3 67,3 82,3 11,3 
dextrose ±7,0 ±7,4 ±9,8 ±1,1 
Lipid agar 31,6 83,6 Full 4,5 
± 10,4 ±4,6 ±1,0 
Protein 20,2 57,8 72,6 5,7 
nutrient ±6,2 ±6,3 ±9,0 ± 1,2 
Starch 33,6 85,6 Full 2,7 
nutrient ±9,7 ±5,4 ±0,7 
Pectin agar 30,8 Full Full 12,0 
(pH 5,75) ± 11,6 ±2,2 
Maize meal 31,0 Full Full 11,3 
±7,8 ± 1,2 
*Full - full plate, in excess of 88 mm 
Colony diameter - 1:2 A. jlavus: A . versicolor 
I :3 A. flavus: A. glaucus sp. 
PROTEASE - CRUilf EXTRACT 
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Figure I Protease activity, measured as the ability to hydrolyse casein, 
of the crude extract of the control and Aspergillus versicolor- and 
Aspergillus jlavus-inoculated maize broth. 
is not as marked. A. candidus, although not producing 
as much extracellular amylase or protease as A. jlavus, is alone 
capable of producing these enzymes at the higher salt 
concentrations. This reflects the greater osmotolerance of A. 
candidus compared with that of A. jlavus [15,0-15,50Jo 
compared with 18,0 -18,50Jo minimum seed moisture content 
for the growth of each fungal species, respectively, in wheat 
and maize (Christensen & Kaufmann 1969, 1974)]. A. 
versicolor is by far the most active amylase producer at the 
highest water activity. If the colony diameter (Table 2) and 
the diameter of the clear zone on the medium (Table 3) are 
considered, A. versicolor grows slowly, but the effects of the 
diffusible extracellular enzyme are more marked than those 
shown by either A. jlavus or A. candidus. 
In the context of fungal activity in air-dry seeds, it may 
be possible that lipase and protease production are most 
important for A. flavus; lipase, protease and amylase for A. 
candidus; amylase and cellulase for A. versicolor, with 
versicolor 3. A glaucus sp. 
12 15 1:2 5 12 15 I :3 
23,7 25,0 3,5 13,3 34,5 2,6 
±2,6 ±3,8 
24,0 31,5 
± 1,5 ± 1,9 
25,6 31,5 
± 1,6 ±4,4 
27,1 33,0 
±1,1 ± 1,8 
13,0 16,2 
±2,0 ±3,2 
10,8 13,2 
±1,1 ± 1,1 
9,2 13,1 
± 1,2 ± 1,1 
29,4 35,5 
±5,0 ±6,7 
34,2 50,3 
± 8,4 ±3,7 
1·5 
1 0 
GLUCOSE 
mg ml-1 h- 1 
0-5 
2,4 
2,8 
2,5 
5,4 
5,5 
6,7 
3,0 
2,6 
± 1,0 ±0,7 
7,4 38,8 1,9 
±0,9 ± 1,5 
26,2 Full 0,0 
± 1,2 
42,8 Full -1,3 
±3,1 
9,0 11,8 7,1 
± 1,0 ± 1,0 
8,0 21,0 2,8 
±0,8 ±3,4 
10,0 16,7 5,1 
± 1,0 ± 0,6 
27,0 55,8 1,6 
± 1,6 ±6,6 
6,3 20,8 26,5 4,2 
±0,3 ±0,5 ± 1,4 
CELLULASE- CRUDE EXTRACT - - A. flovus 
- - A. versicolor 
j, - Control 
I \ 
I \ 
\ 
\ 
\ 
\ 
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Figure 2 Cellulase activity, measured as the ability to liberate glucose 
from cellulose filter paper, of Aspergillus flavus, Aspergillus versicolor 
and the control extracts. 
A. glaucus sp. exhibiting no preferential secretory abilities. 
All four species are capable of pectinolytic activity. 
Considered in the context of enzyme production, it may 
be possible to explain the sequential processes involved in the 
deterioration of stored seeds as a consequence of fungal 
contamination. Depending on the seed moisture content 
(m/c), a succession of Aspergillus species occurs, commencing 
with xerotolerant A. restrictus (seed m/ c range 13,5 - 14,50Jo 
in maize and wheat). A. glaucus group members (seed m/c 
range 14,0- 14,50Jo) then occur, followed by a variety of less 
xerotolerant species, such as A. versicolor (seed m/ c 
14,2-15,00Jo), A. ochraceus (seed m/c 15,0-15,50Jo) and 
A. candidus (seed m/c 15,0-15,50Jo), and finally, the least 
xerotolerant A . jlavus (seed m/ c 18,0 - 18,50Jo) and the 
Penicillium species (seed m/ c 15,0-20,80Jo) (Koehler 1938; 
Christensen & Kaufmann 1969, 1974). 
When comparing the effects of various Aspergillus species 
on pea seed germination Christensen & Kaufmann (1974) con-
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Table 2 Colony diameters (mm) of four species of Aspergillus grown on nutrient-deficient media 
I. A. flavus 2. A. versicolor 3. A. candidus 4. A glaucus sp. 
Day 5 12 15 5 12 15 1:2 5 12 15 1:3 5 12 15 1:4 
Medium 
Lipid 50Jo NaCI 42,3 70,0 Full 2,4 8,4 13,0 6,8 6,8 32,3 4I ,4 2,I 1,9 
± 0,5 
4,9 18,0 
10% NaCI 
15% NaCI 
Protein 5% NaCI 
10% NaCI 
15% NaCI 
±2,I 
19,8 
± I,6 
±2,6 
33,7 
±3,6 
2,6 
38 ,4 
±2,4 
3,0 
±0,5 ±0,7 
8,2 23,4 26,6 
±0,8 ± 2,6 ± 2,2 
± 0,6 ±2,5 ± 4,6 ± 0,3 
2,2 
± 0,6 
± 1,0 
22,7 
± 1,6 
±0,8 
3I,5 
± 0,9 
1,2 
2,6 3,8 - 1,3 
±0,5 ±0,5 
2,2 8,2 
± 0,2 ± O, I 
*NT NT 
6,2 
9,9 
± 0,5 
NT 
7, I 
± 0,4 ± 0,9 
2,7 
± 3,9 
Starch 5% NaCI 20,2 25,I 
±0,6 ± 1,1 
2,3 5,2 6,4 3,9 I ,7 21,8 27,9 -I , I 
±0,4 ± 0,4 ± 0,5 ± O,I ± 0,3 ±0,7 
IO% NaCI I9,3 24,7 
± 0,3 ± 0,3 
I5% NaCI 
PGA (pH 5,75) 
5% NaCI 
10% NaCI 
57,3 Full Full 10,6 23,6 28,5 3,7 I6,2 38,2 44,4 2,3 29,9 64,2 Full 1,4 
± I,8 
28,9 Full Full 
± I,2 
7,1 
± 0,4 
± 0,9 
15,7 
± 1,1 
I8,5 
±0,6 ± 0,5 
5,6 2,7 
± 2,4 
25,9 
± 1,0 
± I,3 
63,6 Full 
± I ,3 
1,4 
I5% NaCI 
± 4,I 
I2,I 25,5 25,8 
± 2,0 ± l,I ± I,O 
1,5 I7,2 
± 0,4 
± 0,9 
9,5 
± I,6 
5,7 
± 0,6 
32,4 
± 3,2 
20, I 
± 2,3 
40,8 
± 3,4 
25 ,6 
± 0,3 ± 0,5 ± 0,8 
I ,O II,9 32,3 34,9 - 0,96 
± 0,2 ± I ,8 ± I,4 
PGA (pH 8,0) 
5% NaCI 
10% NaCI 
I5% NaCI 
6,5 I9,4 32,I 
± 1,9 
2,9 
± 0,9 
9,5 
± 0,5 
I0,3 
±0,4 ± 0,4 ± I,I 
NT NT NT 
NT NT NT 
NT NT NT 
NT NT NT 
NT NT NT 
NT NT NT 
Cellulose 5% NaCI II ,7 44,7 57,5 4,7 I6,I 16,8 3,4 9, 1 I7,2 2I ,8 2,6 
10% NaCI 
I5% NaCI 
± 2,3 ± I,8 ± I,O 
Colony diameter- 1:2 A. f/avus: A. versicolor 
1:3 A. flavus: A . candidus 
± 1,3 ± 1,6 ± 4,8 
I :4 A. flavus: A. glaucus sp. 
*NT - not tested 
elude that the more xerotolerant species, such as A. restrictus, 
have less effect on germination than the less xerotolerant 
species, such as A. flavus. This difference in the deteriorative 
ability may be explicable in terms of the enzymatic potentials 
of the fungi involved. 
Incipient deterioration in seeds has been attributed to two 
group species - A . restrictus and A. glalfcus. A. restrictus 
may remain active in grain for several months, provided the 
moisture content does not increase beyond a level at which 
it cannot compete with the other fungi. A. restrictus does not 
cause heating of grain, unlike A. glaucus, which may cause 
a slight increase in temperature (Christensen & Kaufmann 
1969, 1974). It has been reported that A. amstelodami, an 
A. glaucus group member, was responsible for an initial 
increase in the fat acidity of maize meal, perhaps causing the 
slight increase in grain temperature recorded, but the free fatty 
acid levels decreasedlapidly (Goodman & Christensen 1952). 
Bottomley, Christensen & Geddes (1952) and McGee & 
Christensen (1970) found very little increase in fat acidity with 
the A. glaucus members, fat acidity increasing only when 
A. candidus and A . flavus appeared. F1annigan & Bana (1980) 
and El Azzabi, Clarke & Hill (1981) found A. glaucus group 
members to be poor lipase producers on corn seed and rape 
seed oil, respectively. The results from the present investigation 
± O,I ± 0,2 ± 1,7 
(Tables 2 & 3) support the findings of those workers. 
Bottomley, Christensen & Geddes (1952) did notice, how-
ever, that with infection by an A. glaucus group member, 
there was a rapid loss in the level of non-reducing sugars in 
the seed, whilst Ramsted & Geddes (1942) found a decrease 
in both the reducing and non-reducing sugar levels. The 
observations of the present study are in accordance with these 
findings. The A . glaucus sp. was more efficient at utilizing 
mono- and disaccharides than at producing enzymes to break 
down the starch, lipid and protein. Although A . glaucus did 
not establish on the nutrient-deficient starch agar (Table 2), 
suggesting an inability to produce a- or B-amylase [as also 
found by Flannigan & Bana (1980)], A. glaucus may produce 
glucosidases which reduce the dextrins present in the seed to 
glucose. The reported heating may be explained in terms of 
such activities. 
A. glaucus sp. may gradually increase the moisture content 
of the grain by its metabolic activities, and if the grain 
moisture content increases sufficiently, A. candidus can 
establish, grow rapidly, and heating and spoilage may occur 
within a few days (Christensen & Kaufmann 1969, 1974). 
Thus, an increase of A . glaucus may not be highly damaging 
in itself, suggesting weak pathogenicity, but such an increase 
bodes future trouble. 
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Table 3. Extracellular enzyme production of four species of Aspergillus, 
measured as a diameter (mm) in agar-plate cultures 
A. flavus A. versicolor A. candidus A glaucus sp. 
Day 10 
Medium 
Lipid >88 
50Jo NaCl 
10% NaCl 45,3 
± 1,3 
15% NaCl 2,9 
± 0,6 
"Reverse: Blue 
5% NaCl * 
IOOJo NaCI J 
15% NaCl J 
Protein 5% NaCl 55,3 
±0,7 
IOOJo NaCl 
15% NaCl 
15 
>88 
>88 
4,5 
±0,6 
J 
J 
J 
76,3 
± 1,5 
10 
*x* 
X 
X 
15 
J 
X 
X 
10 
26,9 
±0,8 
18,7 
± 1,7 
1,9 
±0,1 
v 
J 
X 
9,8 
±0,3 
NT 
7,9 
± 0, 1 
15 
56,6 
±0,9 
40,9 
±2, 1 
3,8 
±0,5 
J 
v 
X 
55,4 
± 1,5 
NT 
27, 1 
± 1,6 
10 
X 
X 
X 
15 
J 
X 
X 
NT NT 
Starch 5% NaCl 19,9 40,1 28,2 42,3 20,1 32,3 
±0,1 ±1,1 ±0,1 ±0,2 ±0,4 ± 1,1 
IOOJo NaCl 
15% NaCl 
" Reverse: Blue - indication of diffusable lipase 
*J- diffusable lipase present 
*x* - diffusable lipase absent 
NT - not tested 
Invariably A. candidus succeeds A. glaucus, but a number 
of less xerotolerant species such as A. versicolor and A. 
ochraceus may further modify the micro-environment of the 
seed. As this investigation has shown, A. versicolor is not a 
prolific extracellular enzyme producer (Table 3). There is little 
lipolytic activity, as also found by El Azzabi eta/. (1981), 
although Dirks eta!. (1955) found that A. versicolor produces 
an active lipase on wheat germ oil. Figure 1 shows that A. 
versicolor is very weakly proteolytic, while on nutrient-deficient 
protein agar, no growth was observed (Table 2). The 
enzymatic capabilities lie in the ability to produce amylase and 
cellulase (Table 3; Figure 2). A. versicolor produced more 
amylolytic activity than did A. jlavus or A. candidus under 
conditions of mild osmotic stress. However, only A. candidus 
continued to show amylolytic activity when grown on a 
medium containing lOOJo NaCI. The cellulase activity of A. 
versicolor surpassed that of A. flavus (Figure 2). The total 
reducing sugar levels of the extract of A. versicolor inoculum 
exceeded those of A. flavus, indicating that the enzymes 
produced by A. versicolor are primarily involved in liberating 
simple sugars. Cellulase and pectinolytic activities would result 
in glucose liberation, while a-amylase activity would release 
both glucose and maltose and B-amylase would liberate 
maltose. Growth of A. versicolor was found to be prolific 
on media where simple sugars had been incorporated (Table 
1). This suggests that A. versicolor utilizes these carbon sources 
with greater efficiency, rather than producing enzymes capable 
of degrading protein and lipid. However, the relatively rapid 
growth on maize meal agar, which contains a large proportion 
of carbohydrate, also points to the ability of A. versicolor 
to produce the polysaccharide- hydrolysing enzymes (Table 
1 ). 
A . candidus infection may bring about seed spoilage in a 
few days. Furthermore, the fungus is capable of increasing 
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Figure 3 Total reducing sugar levels (mg ml- 1) of crude extracts of 
the control and Aspergillus jlavus- and Aspergillus versicolor-inoculated 
maize broth. 
the temperatures within the seed pile up to 55 oc (Christensen 
& Kaufmann 1969, 1974). Since A. flavus (seed m/ c 
18,0-18,50Jo) invariably follows A. candidus (seed m/c 
15,0 - 15,50Jo), it appears that A. candidus is capable of 
increasing the seed moisture content by up to 30Jo in a short 
time. Heating and the water liberation indicate a high 
metabolic rate. A. candidus, like A . flavus, is responsible for 
increasing the free fatty acid content of grain (Christensen 
& Kaufmann 1969, 1974; McGee & Christensen 1970), and 
also produces an active lipase on wheat germ oil (Dirks et 
al. 1955) and on rape seed oil (El Azzabi eta/. 1981). From 
the results (Table 3) obtained in the present investigation, it 
would appear that A. candidus in culture produces active 
lipase, protease and amylase (even at higher osmotic 
pressures), the first of which, particularly, would result in large 
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Figures 4 & 5 Scanning electron micrographs of Aspergillus flavus-infected maize seeds. Hyphae (h) are observed in the space between the scutellum 
(s) and the embryonic axis (e), as well as penetrating the embryonic tissues. In Figure 5 the scutellum can be seen to be degraded (p - pedicel). 
quantities of water and heat liberation (Kent-Jones & Amos 
1957; Lehninger 1975). There is little information on the levels 
of free amino acids in deteriorating seeds, but Zeleny & 
Coleman (1939) suggested that protease activity is of little 
consequence in the early stages of seed deterioration. 
According to those authors, amino acids are released slowly 
and are not detectable until grain has reached an advanced 
stage of deterioration. 
A. flavus, which is well known for its lipase and protease 
potentials, is also responsible for the heating of stored grain 
and increases in free fatty acid levels (Christensen & Kauf-
mann 1969, 1974; McGee & Christensen 1970). In sealed 
storage, the large amount of water liberated from grain 
infected with this fungus points to a high metabolic turnover, 
and to lipid and protein oxidation (unpublished data). The 
present investigation attributes vigorous lipolytic and 
proteolytic activities to A . flavus; the former may occur at 
low water activities. Moderate amylolytic and cellulase 
activities (Table 3; Figures 2 & 3) also appear to characterize 
this species. Although this fungus is obviously capable of 
degrading carbohydrates, its greatest deteriorative potential 
lies in the proteolytic and, in particular, lipolytic activities. 
Scanning electron microscopy in the present investigation 
has revealed that, in an A. flavus infection, most hyphae are 
located in the space between the embryo proper and the 
scutellum, but hyphae were also seen penetrating the embryo 
(Figures 4 & 5), which is a localized, concentrated source of 
lipid and protein. As A. flavus proliferates relatively late in 
the succession of the seed-associated Aspergillus species, it is 
possible that invasion of the embryonic axis is also a 
characteristic of the late successionary stage. In this regard 
the mycelium of Fusarium sp., a facultative storage fungus, 
appears to be confined to the pericarp and outer endosperm 
layers of maize (Russell & Berjak 1983). 
Several features regarding extracellular enzyme production 
become apparent from the present studies. Firstly, the fungi 
differ as regards the ability to produce extracellular enzymes. 
Secondly, in any one case, the level of enzyme activity varies 
depending on the fungus involved. Thirdly, osmotic pressure 
affects enzyme production as well as the ability of the fungus 
to grow. Finally, it appears that the spectrum of enzymes 
produced increases from the more xerotolerant to the less 
xerotolerant of the fungal species. These features may be 
related to the succession of Aspergillus species (Christensen 
& Kaufmann 1969, 1974) which have been described as being 
associated with the spoilage of stored seed. 
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